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Stochastic modeling of the 
oceanic mesoscale eddies
The 6th STUDO Sandbox Workshop — 12 February 2021
Motivations
I. Can LU model better represent the mesoscale eddies effect on the 
large-scale circulation?





Quasi-Geostrophic Coupled Model (Q-GCM) [http://q-gcm.org]




















     LAYER 1
ATMOSPHERE


















• Evolution of -th layer potential vorticity (PV)k



























• Update -th layer pressure, height and velocityk
um = u1 +
⌧?
f0Hm
• Evolution of mixed layer temperature (or SST)





















Upper-layer PV (  km,  km) of Exp.1 (without SST)Δx = 5 Ld = [39,22]
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Eddy-resolving simulations
Upper-layer PV (  km,  km) of Exp.2 (with SST)Δx = 5 Ld = [39,22]
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Stochastic QG equations
Advection flux Sources flux Sinks fluxDiffusion flux








 Ti• -th layer variance tensor k (m2/s2)

































• Evolution of SST @tTm =  r· (umTm) +K2r2Tm  K4r4Tm + w0T1 + Tm2Hm   Fm+r· Fm






(wk   wk 1) +r· F k
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h
u?k 6= 0 if F2 6= F
i
uHRk   uHRk = Fu
HR
k + (1  F)uHRk   FuHRk + (1  F)uHRk
Data-driven modeling
(i) LU-POD
= (uLRk   uLRk ) + (1  F)u
HR
k   (1  F)uHRk
{ k,n}n=1,...,Nt
POD














⇠n ⇠ N (0, 1)

















Upper-layer PV (  km,  km) of Exp.1 (without SST)Δx = 80 Ld = [39,22]
LR LU-POD LU-POD-P












Upper-layer PV (  km,  km) of Exp.2 (with SST)Δx = 80 Ld = [39,22]

















































































































Comparison of statistical 
measures (integrated 
vertically) for pressures  

























time (60-75 yrs) 




























1500 Comparison of EKE 
(integrated over 
layers) for different 
coarse models  
(Solid lines — 
standing EKE, 





uk = uk + u
0
k
































KE PE Buoyancy 
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Comparison of contributions to the rate of KE for different coarse models  (Exp.1)
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Energy analysis

















































• The correction drift is found to be important in reproducing the meandering 
jet on coarse mesh.

• The non-stationary noise based on the projection method enables us to 












Thanks for your attention ! 
24
